Introduction
Relatively few single gene deletions in Saccharomyces cerevisiae have any obvious phenotype, even fewer are harmful to the cell. This has been attributed to redundancy in the genome (1-3) i.e. more than one gene is capable of carrying out any given tasks in the cell.
The hexose transporter gene family of S. cerevisiae is a good example of this. Although the twenty hexose transporter genes are expressed at different conditions, it took twenty consecutive gene disruptions to obtain a yeast strain incapable of hexose transport (4). The same dominant marker was recycled twenty times, since the number of genetic modifications exceeds the number of available markers.
Besides functional analysis of a redundant genome, Metabolic Engineering requires a system where many rounds of genetic engineering are possible (5). Metabolic engineering is defined as the directed change of the metabolism using genetic engineering (5). The theory of Metabolic Control Analysis (MCA) predicts that all enzymes along a metabolic pathway share the control of the metabolite flow through that pathway (6, 7). There are indeed few examples where overproduction of a single enzyme results in improvement of the desired trait. The overproduction of single glycolytic enzymes (8) did not result in higher glycolytic flux. Over production of multiple enzymes is usually necessary to attain significant improvements (9-12). This has also been predicted by theory (13, 14).
We used the pB3 PGK / pCRE3 system to over express four genes in the pentose phosphate pathway of a xylose fermenting S. cerevisiae strain (15). This chapter describes how to use the expression vector pB3 PGK and the CRE recombinase expression vector to change the expression level or regulatory characteristics of any number of genes in S. cerevisiae.
The pB3 PGK vector
The pB3 PGK (15) vector contains the strong S. cerevisiae PGK1 promoter (16), a multi cloning site and the S. cerevisiae GCY1 terminator (17), the Amp gene for E. coli maintenance and the zeocin resistance gene (Invitrogen) for selection in both E. coli and S.
cerevisiae. The zeocin gene is flanked by two loxP sites. The strategy to change the expression of any gene is a follows. A yeast gene (YFG1) is cloned between the promoter and terminator of the pB3 PGK, resulting in pB3 PGK YFG1 ( Figure 1A ). The vector is linearized using a unique restriction site within the coding sequence of YFG1. The linear vector is used to transform yeast, directing the integration to the locus of YFG1 ( Figure 1B) . The vector can also be cut in the ribosomal DNA sequence (rDNA; Figure 1A ) to facilitate integration in the repetitive rDNA sequences to obtain multiple copies (18). The PGK1 promoter is excisable with SacI and XbaI and can be exchanged for any of the following promoters, offering a wide range of promoters with diverse characteristics:
Promoters excisable with SacI and XbaI.
Promoter Characteristics
Reference
GAL1
Galactose induced (21)
The pCRE3 vector
to further modify the strain with the integrated pB3 PGK vector, the zeocin resistance marker must be lost. This is accomplished by transformation with the vector pCRE3, that carries the CRE recombinase under the control of the GAL1 promoter (15). CRE catalyzes the specific recombination between genetic elements called the loxP sites. The LoxP site consists of two 13 bp inverted binding sites situated 6 bp apart. The pCRE3 is 2µ based and contains the URA3, AUR1-C and zeocin resistance genes. The URA3 or AUR1-C gene is used for selection of the vector. The zeocin marker facilitates simultaneous scoring of marker and pCRE3 loss by zeocin sensitivity.
Amplification of gene of interest by PCR and cloning in pB3 PGK
Amplify the gene of interest (YFG1) with a proofreading DNA polymerase with primers that incorporate a restriction site in the primer. We usually incorporate BamHI if possible, since this site is compatible with the BglII in pB3 PGK1. See Figure 1A for alternative enzymes.
Purify the PCR product with a PCR clean-up kit. It is not necessary to perform agarose gel purification, given that the PCR was reasonably specific. Digest the restriction sites that were incorporated by the primers and do a second PCR clean-up. Alternatively phenol chloroform extraction can be used to remove the restriction enzymes. The PCR product is then ligated to the linearized pB3 PGK1 vector. The reverse primer used for cloning the gene can be used together with the BJ5756 primer to score correct E. coli clones. See Note 6 for the sequence of the BJ5756 primer. Wash cells with 1mL water in an eppendorf tube.
Transform
Resuspend the cell pellet in 1 ml of 100 mM LiAc and incubate for 5 min at 30C.
Divide the cell suspension to the number of planned transformations Spin cells at top speed in a microfuge for 5 sec.
Remove the supernatant with a pipet.
Loosen the pellet by vortexing briefly. This vortex step helps resuspend the cells after the heat shock (see below).
Add the following components into the tube on top of the cells: Vortex the cell pellet for at least 1 min to resuspend the cell pellet in the transformation mix.
Incubate at 42ºC for 20 min.
Pellet the cells at top speed in a microcentrifuge for 10 sec.
Wash the cells with 1mL water by slowly pipetting up and down.
Add 1mL non-selective YPD medium and resuspend carefully. 
Analytical colony PCR
The PCR master mix should be prepared and stored on ice so that the master mix can be immediately added to the cells.
PCR mix (50µL) :
1µM reverse primer for cloning of YFG1 
Transformation and curing of pCRE3
The same procedure for transformation as described above can be used to transform the correct integrants with the CRE expression vector pCRE3. The pCRE3 contains the selectable markers URA3, zeocin and AUR1-C. The selection of the vector must be done using the AUR1-C or the URA3 markers, since the strains are already zeocin resistant. When Since the zeocin marker is present on both the chromosomal construct and the pCRE3 vector, zeocin sensitivity marks loss of both elements.
Simultaneous overexpression of the S. cerevisiae genes RKI1, RPE1,

TAL1 and TKL1.
We used the pB3 PGK / pCRE3 system to create strains over-expressing the S. cerevisiae non-oxidative pentose phosphate pathway genes RKI1, RPE1, TAL1 and TKL1 (12). The genes were individually cloned in pB3 PGK and integrated in the locus of the respective gene, resulting in over-expression of the genes. The pCRE3 vector was used to create strains simultaneously over-expressing the RKI1, RPE1, TAL1 and TKL1 by successive integrations and removal of the loxP-zeocin-loxP cassette. Figure 2 shows an agarose gel loaded with the PCR products from the analytical colony PCR procedure, confirming the correct integrations.
The loxP-zeocin-loxP cassette has also been used successfully to create xylose fermenting yeasts from industrial strains lacking auxotrophic markers (23, 24).
Notes
1. Zeocin and aureobasidin are expensive. Using less medium in the selective plates is a way of cutting costs. Petri dishes with only 5 mL medium can be used if some measure is taken to prevent over drying of the plates (see Note 2).
2. Plates with 5 mL medium can be incubated in an airtight container with moist air. Put the plates upside down in an empty ice cream box at some distance from the bottom. Pour 10 mL boiling water in the box and tighten the lid. In this way the plates can be incubated for many days without drying.
3. The frequency of correct integrants is very high with the pB3 PGK vector as is the frequency of marker loss with the pCRE3 vector. Therefore it may not be necessary to perform the analytical PCR after the integration, but to wait until after picking zeocin negative cells after transforming and curing of the pCRE3 vector. The advantage of doing this is that the positive identification of correct integration is done in the end of the process. The probability of having incorrect contaminating clones is much reduced. 6. The sequence of the PGK promoter specific primer BJ5756 is 5'-CAT CAA GGA AGT AAT TAT CTA CT-3' Tm 51C. 
